INTRODUCTION
Despite a decreasing trend in overall numbers of workdays lost due to work-related injuries and illnesses m [2] , the prevalence of work-related upper extremity disorders/symptoms (WRUEDs) has remained the same and these conditions continue to be a significant public health problem. A 1999 United
States Department of Labor, Bureau of Labor Statistics (BLS) report [1] indicated that musculoskeletal disorders accounted for one out of every three injuries and/or illnesses that resulted in lost time, and more than 400,000 workers reported the loss of one or more workdays specifically due to WRUEDs. [I] Total healthcare and indemnity costs associated with severe cases can be considerable (e.g., $10,000 per reported case of carpal tunnel syndrome), [3] Furthermore, office workers account for approximately 5 % of all worker's compensation claims related to the upper extremities. [4] WRUEDs are a diverse set of conditions characterized by pain, aching, stiffness, fatigue, discomfort, tingling, and/or numbness, generally in the fingers, hand, wrist, elbow, arm, shoulder, or neck. These symptoms can exist with or without loss of function. Epidemiological research suggests WRUEDs and associated disability are consequences of complex interactions among ergonomic, medical, and psychosocial factors. [5] [5] [15] Key psychosocial factors that deserve particular consideration are perceived stress, poor employee-supervisor relationships, time/deadline pressures, high levels of perceived work demands, and perceptions of lack of job control or social support at work. [3] [7] [10] Many of these ergonomic and psychosocial factors can be found in modern office work environments and may contribute to development, exacerbation and maintenance of WRUEDs in office personnel.
[3] [10] Measurement of suspected ergonomic risk factors is complex. [1 Ergonomic exposures have been measured using direct measurement (via instrumentation), observational (on-site or later with video recordings), and selfreport (questionnaires) methods. [17] Although direct measurement is typically proposed as the "gold standard" for assessing ergonomic exposures, these techniques can be time consuming, relatively expensive, and their validity in relation to symptoms and functional limitations of musculoskeletal disorders requires further validation.
[17] [18] Occupational medical surveillance and control programs in the workplace require efficient methodologies with optimal measurement properties. [25] and it is unclear how well self-report measures relate to observational workstation ergonomic assessment forms/checklists, [9] [1 ]
[22] [26] often assumec i t0 represent a more objective method. While observational assessments are a common field measurement method [17] (sometimes conducted in conjunction with direct physical measurements), few published studies could be
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found to document their validity.
The present study was conducted on office workers who reported symptoms of WRUEDs to examine measurement properties of an upper extremity specific self-report index of ergonomic exposures and describe its association with an on-site observational workstation ergonomic exposure assessment form/checklist. Secondarily, this study evaluated whether the self-report index could discriminate and predict levels of pain, symptom severity, and functional limitations (after controlling for age, gender, and job stress). Comparison of measurement properties of the self-report index and the observational exposure assessment checklist were also made.
METHODS

Subjects
Individuals employed at the World Bank Headquarters in Washington D.C., a global economic development organization, were recruited to participate in a randomized controlled trial (effects of ergonomic intervention vs ergonomic and job stress intervention) through two informational breakfast sessions and general organizational channels (i.e., flyers). Workers from departments that had a history of higher rates of past medical claims related to WRUEDs were invited to participate. To be eligible for the study, an individual must have met the following criteria: 1) symptoms (WRUEDs) experienced within the past 12 months that were not related to motor vehicle accidents, sports injuries, or any non-work-related trauma, 2) worked full-time in office environment (>32 hrs/week), 3) had not been pregnant within the past 12 months (includes absence of current pregnancy) and, 4) worked on computers for a minimum of >4hrs/day.
Of the 154 individuals who volunteered for the randomized controlled trial, 92 (65%) met the study inclusion criteria and participated fully. Full participation by these 92 office workers included providing informed consent, participating in an ergonomic walk-through (i.e., observational assessment), and completing a web-based baseline questionnaire that measured demographics, job stress, ergonomic exposures, work demands, perception of work environment, pain intensity, and functional limitations. Data from the baseline questionnaire and observational ergonomic assessments were utilized for the present study.
Forty-four individuals were excluded as the result of an initial screening by questionnaire. The reasons for exclusion were report of symptoms that were related to previous trauma or accident (n = 27), pregnancy (n = 5), or use of a computer for less than 3 to 4 hr. per day (n = 2). Eighteen individuals were excluded at a later date when they did not complete the initial questionnaire for unknown reasons.
Measure of Self-Reported Ergonomic Exposures
The Job Requirements and Physical Demands Survey (JRPDS) was developed in 1996 by the Air Force (AF) for assessing ergonomic exposures in a variety of workplace settings. [28] While the initial validation study was not specific to office work environments, it indicated that JRPDS scores correlated with WRUEDs. [28] For each item in the index there are five possible categorical responses corresponding to an individual's perceived level of ergonomic exposure (0 = never, 1 = < 5hr /wk, 2 = < 2 hr/day, 3 = 2-4 hr/day, 4 = > 4hr/day). For the purposes of this study, it was necessary to eliminate items not related to office work environments (e.g., questions relating to work using vibrating tools, etc.).
Additionally, there was an interest in reducing the scale to provide a modified version of the JRPDS that measured upper extremity related exposures with the fewest number of items, but retained the characteristics of internal consistency and construct validity.
The categorical response distribution patterns of each item, along with two decision rules regarding item rejection, were used to reduce the original 36-item JRPDS down to a 24-item index. The decision rule used to eliminate any item from the questionnaire was as follows: 1) when a break in the distribution was noted, indicating that no subject responded in a specific category, and 2)
when the item response frequency distribution across response categories indicated that more than one category level had only one individual response. 
Observational Workstation Assessment of Ergonomie Exposures
One of the study's goals was to investigate the relationship between the measurement properties of the self-report index and an observational assessment checklist. Since a true "gold standard" for quantifying office worker ergonomic exposures does not exist, this checklist was considered a proxy for a "gold standard".
The observational exposure checklist used in the present study to assess the criterion validity of the JRPDS-24 Index of self-reported ergonomic exposures was based on State of Washington Department of Labor and Industry's "Ergonomic Work-site Analysis Form". [29] This checklist was selected for study purposes because variations of such checklists are common field measurement tools used to assess suspected office ergonomic risk factors. Also this observational ergonomic exposure assessment checklist was designed for conducting on-site observed assessments of individual workstation exposures and generating recommendations for correction of any ergonomic exposures observed in an efficient manner. As such, it is a potentially useful tool for brief evaluation and onsite intervention. The checklist focuses on several different aspects of workstations as they may be related to workstation ergonomic exposures (keyboard, mouse, monitor, other office equipment, paper documents, chairs, workspace, environment, and lifting and carrying). Checklist rater response options were "yes", "no", or "not applicable". All "no" responses were considered a potential ergonomic exposure (except for one item where yes = exposure). The total score for the observational exposure checklist was calculated based on the number of assumed exposures (total number of observed exposures divided by the total possible exposures) observed. The total scores could range from 0.0 to 9.0.
Measures of Pain, Symptoms, and Function
Various clinical scales were also used to measure a specific clinical outcome related to WRUEDs (i.e., symptom severity, general physical function, upper extremity functional limitations, pain). All have previously been validated and described. A visual analog scale of pain severity (VAS Pain) [9] was used to measure the degree of pain severity experienced during the last week.
Measure of Job Stress
The Job Stress subscale of the Life Stressors and Social Resources
Inventory was completed by participants to determine levels of work-related conflicts, physical environment, and perceptions of work pace. 
Reliability and Reproducibility
Since the dataset contained only baseline data, an evaluation of reproducibility (inter-rater/test-retest agreement) did not apply to the JRPDS-24
Index. The reliability (as measured by of degree of internal consistency) of both the JRPDS-24 Index and the on-site observational workstation ergonomic exposures assessment form/checklist were indicated by Cronbach's alpha. Since it is the intent of the self-report index in this study to focus on only one attribute (i.e., physical aspects of ergonomic exposure), an acceptable range of Cronbach's alpha was defined as 0.70 to 0.90. [35] Cronbach's alpha values in this range indicate homogeneity of the items in the index.
The reproducibility (inter-rater reliability) of the observational exposure checklist was assessed using discrete data that were available from a pilot study performed on a sample of the same work group (n = 427 observations, two independent ratings of 10 workstations). The kappa statistic was calculated to measure the degree of agreement between the two raters (beyond chance alone).
Levels of agreement were defined as: kappa > 0.75 = excellent, kappa 0.40 to 0.75 = fair to good, kappa < 0.40 = poor. [16] The two raters simultaneously performed independent on-site observational assessments of each workstation. Both raters were trained to use the observational assessment checklist. One rater was an occupational health nurse with special training in ergonomics, the other an injury control researcher with specialized training and several years of experience in the areas of rehabilitation engineering, ergonomics, and injury prevention and control.
Construct Validity
The construct validity of the JRPDS-24 Index and the observational exposure checklist was determined through correlation analyses. The association of the total scores from each ergonomic exposures assessment tool with clinical measures of pain, symptom severity, upper extremity functional limitations, and general physical function were independently determined. Pearson's correlation coefficients were used to measure the strength of these associations/correlations.
The results were then used to compare the construct validities of the JRPDS-24
Index and the observational exposure assessments.
Criterion Validity
The criterion validity of the JRPDS-24 Item Index of ergonomic exposures was evaluated by performing correlation analyses with the total scores of the JRPDS-24 Index and the observational ergonomic exposures assessment scores.
Discriminatory and Predictive Validity
The discriminative capabilities of the JRPDS-24 Index and the observational exposure assessment checklist were each independently assessed to determine their abilities to differentiate levels of clinical measures for pain, symptom severity, upper extremity functional limitations, and general physical function. Individuals were divided into "high" and "low" groups based on their total scores on the JRPDS 24 Item Index and the total observational workstation ergonomic exposure assessment. The "high" group was defined as the highest quartile (individuals with total index scores > 75 th percentile) and the low group was defined as the lowest quartile (individuals with total index scores < 25 l percentile). The high and low group mean scores on the clinical measures of pain, symptom severity, upper extremity functional limitations, and general physical health were compared using independent t-tests.
Multiple linear regression modeling was used to evaluate the predictive capabilities of the JRPDS-24 Index and the observational exposure assessments in relation to pain, symptom severity, upper extremity functional limitations, and general physical health. Age, gender, and job stress, were entered simultaneously into the hierarchical regression models as covariates. Observational exposure assessment and JRPDS-24 Index variables were subsequently entered hierarchically into the model.
RESULTS
Subject Characteristics
Study participants ranged in age from 25 to 61 years and had a mean age . Eighty-three percent of the study subjects were female. Thirty subjects (30%) reported using some type of medication for their WRUED symptoms. Twenty-three out of those 30 subjects (76.7%) using medications reported using common over the counter (OTC) non-steroidal anti-inflammatory drugs (NSAEDs), such as Aspirin or Motrin for their symptoms. Other specific subject characteristics are given in Table 1 .
Instrument Measurement Properties
Distributions of Scores
The distribution (Figure 1 
Reliability and Reproducibility
The observational exposures assessment checklist demonstrated good inter-rater agreement (kappa = 0.722, 95% Confidence Interval = 0.702 -0.740, p < 0.001). [16] The JRPDS-24 Index demonstrated a high degree of internal consistency [35] (Cronbach's alpha= 0.816). In contrast, the observational assessment checklist had a lower internal consistency (Cronbach's alpha = 0.483).
Construct Validity
The construct validity of both the JRPDS-24 Item Index and the observational exposure assessment checklist are listed in Table 2 
Criterion Validity
The JRPDS-24 Index was associated (r = 0.328, R 2 = 0.1074, p < 0.01) with observational workstation ergonomic exposure assessment scores (Figure 3 ).
Discriminative and Predictive Validity
The JRPDS-24 Index was able to discriminate levels of the clinical measures of pain, symptom severity, and upper extremity functional limitations, but not the general physical function measure ( Table 3 ). The observational exposure assessment checklist did not discriminate levels of any of these clinical measures.
Results of the multiple linear regression analyses (Table 4) The present results need to be considered in light of certain study limitations. The use of self-reported measures (selection, recall, misclassification), possible presence of a healthy worker effect, and the absence of asymptomatic controls limit conclusions that can be made from this work. Also, using a secondary data set and accepting the practicality of a cross-sectional study design are limitations that need to be considered when making inferences from this study.
The JRPDS-24 Item Index has initially demonstrated adequate measurement properties and has potential for use in occupational health surveillance programs for office work environments. It may also be useful as an outcome measure of ergonomic exposure in intervention trials. The findings related to the observational measurement tool used in the present study, however, highlight the need for additional research and development of observational methods in office environments and illustrate the inter-method variance that have been reported in other studies. [17] [18] These results also suggest the importance of including both methods when assessing ergonomic exposures at least at the present time. "Average Distribution of Work is listed as average % at the specific work area. Individuals may have responded under multiple work areas, therefore the frequency sum may be is > n = 92, and the percentage sum is > 100%. 
